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HIGH-TEMPERAT’URE, DEPLOYABLE, MEMBRANE
HEAT-PIPE RADIATOR ELEMENT;

DEMONSTRATION AND STATUS

Vincent L. Trujillo, Edward S. Keddy, and Michael A. Meniga.n
Los Alamos National Laboratory, MS J-576

Los Alamos, New Mexico 87545
(505) 667-98:34

Performance tests of a high-tern erature, deployable, membrane
heat pi e have been conducted.

1’
d is s stem is intended for use m

1therms rejection systems for space nuc car power plants. Because
current developmental programs for space nuclear power requm
heat. reject]on systems in the 2 to 100-megawatt range, developm~m
of hghtwelght, large-area, heat rejection radiators with o erat~ng
temperatures of greater than 600 K is being investigated. I?eat-pqw
radiators a~ potentially the li htest-wei ght closed-loop s stems
avallablc m this powe[ ani temperature range. z urrent
state-of-the-axt radiator designs rovldc a ,specific m.sss in.the range
of 5 to 20 kg/m2. Membrane hea -$lP dWms* ~~$ a’lka~me~l%as
the workin fluids and metal foil or containment, o fer the potential

Ffor a specl ]Cmass of about 1.8 k ml and a mass-to-power ratio of
approximately 0.04 kgkW at 10(# K. Because the membrane heat
pqm ao~flexlble, the radiator may be ,rolled up for compact storage
and. shieldm @tween operming

& P
rinds. Passive deployment 1s

achmved by e uqemal pressure evelopedl as the workm fluid is
!brought to operatln temperature and thus requires no inkages,

‘1actuators, or specla -purpose elements. Upon deployment, the
hl h-tempe~ture rad]ator unrolls, like a party favor, to a fully

!ex ended posmon.

A high-tempera,ture, deployable, mernbrnne heat pipe 100-cm long,
with an 8-crn-wide rad]ator simulatmg a single segment m a flat
ama was fabricated and tested, Design operating temperature was
1~ K. Because of the operating temperatures metal foil was
chosen for contain nent and sodium alktdi metal as the working fluid.



The containment and wick were made of 304 stainless steel. The
membrane radiator containment material was 0.0127-cm-thick
stainless steel foil. The fluid distribution system consisted of a
homogeneous slab wick structure. Two layers of 100 x 100-mesh
stainless steel screen were cut on a bias and jo~ed to develo the

Ewick. The evaporator was fabricated from staqnless steel tu ing.
The heat input re ion was circular and the transmon zone between

tthe heat input an. foil condenser was tapered from a c]rcular to an
oblong cross section.

EduiwiQ!nemsdm

The fabrication procedure was begun by cutting the 304 stainless
steel foil into two rectangular sheets. Two strips of 100 x 100-mesh
stainless steel screen (7,~-cm wide and loOO-cmlong) -werecut on a
bias to allow greater flexibility of the wick structure m the flexible
condenser regmn. A series of spot resistance welds were used to join
the two stri s of screen to form the slab wick. The foil a.n~wick

\were then c cmicall cleaned with a caustic soluticn. Joining the
?wick to one she&of oil was accomplished by resistance welding with

a bench seam welder. 7%erernainin sheet of foil was then joined to
tthe fo:Uwlck assembly by seam WCItng the two foil sheets along the

edges to form the condenser envelope.

A 5.1 -cm diameter stainless steel tube wiih a 0.0889 cm wall
thickness was used for the evapora~or. It, was maintained circular at
:~hchmi m ut region for ease of rf-mductlon heating. The remaming

$
f

between the heat-input zone and the fod condenser was
tapered rom a circular to an elliptic cross section to achieve a
smooth transition to the foil condenser openin and thus reduce the
amount of wrinkling of the foil in this region. % wire-cage structure
was placed m the tube/foil-condenser cross-section interface to
prevent the foil from being drawn into the evaporator while the heat

kc thicker wall evaporator tube by fusion welding. The ~ea~~
ipe chamber was being evacuated. The foil condenser was “oi.nedto

was then leak checked with a helium-diffusion leak detector.
the system was helium-leak tight, an end cap and fill tube were joi.#
to the assembly.

The heat pipe was vacuum degased b furnace hewin at a
{temperatrrc of 1175 K for ap roximate

7 i
8one hour, an then

+
char cd with a predete~ined yo ume of so ium. The sodium ,was
trans erred to the heat pqx by dlstillat]on. The following openmons
were performed in sequence during the distillation process: 1) the
heaters on the calibrated volume were brou ht to temperature

CFallowing the sodium charge to melt, 2) the lstiilation pot was
evacuated, 3) after the volume of sodium was molten, the valves were



manipulated to ailow the sodium to be driven, by argon as pressure,
from the calibrated volume to the distillation pot, and 4 the heaters
extending from the distillation pot to the heat pipe were brought to
temWrature to allow sodmrn d@latlon mto tie evacuated heat p~pe.
Wet-m was accomphshed by umformly heatm the heat pipe m a
vacuum furnace at a temperature of 975 k for a period of
approximately 48 hews.

●

The heat pipe was placed in a vacuum chamber in fully extended
configuration., The circular portion of the evapoquor was heated by
placing lt mslde an rf-induction coil. Heat pq?~ operat?on at ma
tern erarure of 800 K was achieved by increasing me power :nput, m

\sma increments, until the thermal melt front propagated from the
evaporator to the end of the condenser. The power was then shut
down and the system allowed to cool. The heat pipe was then
removed from the vacuum chamber, and the radiator element was
rolled to a diameter of ap roximately 20 cm and placed into the

{vacuum chamber in a fas ion similar to the previous operation.
Power input to the evaporator was increased m small increments.
As operating conditions were ap roached, the thermal front

8pro agated from the evaporator to e rolled radiator ortion and
Ydep oyment began in a smooth continuous fashion. d c extended

ortlon of the radiator assumed a c lmdncal configuration.
b eplo ment be an at a temperature of %0

~ O&. Tests were conducted afi ~%%$%%%exten cd at 8
1000 K. Smooth deployment of -the membrane radiator may be
attributed to the melting ,of the sodium bond along the prq agating
thermal front. PIn addmont the fod becomes more ductl e m the
heated region allowin the mtemal pressure of the fluid to expand
the foil sheets. At

F&p
ower, the radiator element was dlsslpatmg

approx~mately 3.0 W to the environment. Powe[ dissipation was
determined from radiative transpofi between two diffuse concentric
cylinders [1] as in

Q=~Ahp(Tbp4-Tvc4)fl l/~p+(A@/Avc)(l&c- 1)], (1)

where the subscripts hp and vc refer to the heat pipe and vacuum
ckarnber resp?ctivelyo

There were no start-up anomalies apparent in the tests. De loyable
&heat pi s offer the advantage of effectively having a low L aspect

rratio w en initially in a rollea position; therefore a enerally smooth
start-up was expected. fAfter full dcplo ment o the membrane

iradi~itor, the system assumed normal eat pipe operation in
steac!y+tnte conditions.



The focus of this study was the demonstration of passive deployment
for amsin le-osegment,high-tern rature membrane, heat-pipe. In

F
i rractlcal eslgns, several mdwi ual units may be Joined to ether to

orm a segmented array. fA multisegment, dep oyable,
high-temperature, membrane heat pipe radiator is currentl bein

J’ finvesti ated. The system will be capable of tiissipating 2 k N o
ftherms power and consist of three segments with overall dimensions

of 30 cm in width an~ 1.83cm in len th. Heat input will be provided
by rf mducuon h$atmg. FMetal foi for containment and an alkali
metal as the working fluid will be used.

Analyses have shown that for the given geometry and power level in
a micro ravit environment, the fluid mass flow requirement can be
satisfie~ witl ~an arter /slab-wick combination for the fluid
distribution system. Thes ab wick will be made of layers of
100 x 100-mesh stainless steel screen cut on the bias to al.law for
flexibility .

c?
Arteries will be formed by folding the ends of the slab

wick an. joipin the lap-to itself by resistance welding. A stainless
fsteel c’ jmdnca hehx wd.1be inserted into the artery to assure artery

iflexibl lty and prevent the artery walls from collapsing when the
membrane radiator is rolled.

Containment for the membrane radiator will consist of metal foil
such as stainless steel or nickel. Metal foils for radiator containment
as dun as 0.0025 cm are being investigated. The artery/slab-wick
fluid distribution system will be “oinedto the metal foil by resistance
welding and the fod sheets will & joined by seam weldin along the

fedge= to form the radiator envelope. Because the extende portion of
the radiator tends to assume a cylindrical configuration, the foil
adjacent to the seam weld experiences an abrupt bend and is subject to
large stresses. Alternative weld closure configurations are under
investigation to reduce the weld st.rcsses.

Joinin the radiator envelope to the thicker eva orator wall will be
f Laccomp lshed b a combination of resisumce and sion welding. The

revtiporator wd have a constant cross-section configuration with
semlcylindncai ends. This will allow for a smoother transition from
the rlgld evaporator to the flexible radiator and thus reduce the
amount of wrinkling. A wire-cage structure will h placed in the
evaporator/condenser cross-section interface to rcvent the foil from

rbeing drawn into the evaporator durin evacua ion of the heat i
chamber. f ?PThe testing procedure WI1 be similar to that o t e
single-segment radiator element described in this paper.



Passive deplo ment has been demonstrated for a single-segment,
~bstainless stee , mem rane heat-pipe radiator element, at a

tern erature of 800 K. The tests showed that the radiator element
rdep eyed in a continuous, uniform manner. Upon full de loyrnent of

Ythe membrane radiator, the system assumed norms heat i e

&
o eratlon jn steady-state conditions at temperatures up to 1Oc#l?

e tests mdlcate that operation of a full-scale, segmented model ii
achievable.

Membrane heat-pi e designs using alkali metals as the working
Pfluids and metal fod or containment offer the potential for a specific

%
mass of about 1.8 k m2 and a mass-to-power ratio of approximately
0.04 kgikW at 1000 .

This work was performed at Los Alarnos National Laboratory and
was sponsored by the Multimegawatt program and the Strategic
Defense Initiative Office.
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